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Introduction {#sec005}
============

Robot-assisted partial nephrectomy (RAPN) has been increasingly utilized in the treatment of localized renal tumors. Recently, European Association of Urology (EAU) guidelines recommend partial nephrectomy (PN) as the standard procedure for larger renal masses \>4 cm (T1b), in technically feasible cases \[[@pone.0151738.ref001]\]. The adoption of robotic platform for PN has been rapidly increased for the treatment of larger, and complicated renal masses \[[@pone.0151738.ref002]\]. Recent meta-analysis regarding perioperative outcomes of RAPN and laparoscopic partial nephrectomy (LPN) have supported the evidence for the adoption of RAPN \[[@pone.0151738.ref003], [@pone.0151738.ref004]\]. Based on these results, we suggested to provide the equivalent oncological, functional outcomes as well as perioperative outcomes for T1b renal mass.

The 'Trifecta', the term for describing the achievement of no complication, negative surgical margin, and warm ischemia time (WIT)\< 25 min is the key surrogate for success of the PN \[[@pone.0151738.ref005]\]. Recently, with additional information of long term renal function, the new concept of 'Pentafecta' was introduced to prove the success of renal function preservation after PN \[[@pone.0151738.ref006]\]. However, there is no data available regarding Pentafecta or Trifecta of RAPN series including T1b renal tumors. Herein, we investigate the comparative outcomes of Trifecta and Pentafecta in cases of RAPN (T1a vs T1b renal tumors) to offer a wider range of indications and potential expanding applicability of RAPN for more larger tumors.

Materials and Methods {#sec006}
=====================

Study patients {#sec007}
--------------

After obtaining institutional review board approval by human research protection center, severance hospital yonsei university health system (2014-0091-001), the patient records was anonymized and de-identified prior to analysis. We retrospectively analyzed the data of 277 patients who underwent RAPN between Sep. 2006 and Mar. 2015 by single surgeon (KHR), in a high volume institute.

From this cohort, RAPN for renal mass of ≤7 cm were included in this study. The patients with solitary kidney (3 cases), bilateral renal mass (4 cases), cT≥3 (9 cases), or incomplete data (21 cases) were excluded. We investigated clinical data of 180 patients with cT1a renal mass, and 60 patients with cT1b renal mass. Of 180 patients with clinically T1a renal mass, 60 patients were matched with the patients with T1b renal mass using propensity score.

The propensity score of each patient was calculated using preoperative variables which included age, gender, ASA score, laterality of mass, body mass index (BMI). The discrimination and calibration of the propensity score model were assessed by C statistics and the Hosmer--Lemeshow test. The model had a C statistic of 0.771 and a Hosmer--Lemeshow goodness-of-fit *P* value of 0.907.

RAPN was performed via transperitoneal approach using the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA). Surgical technique of RAPN is same as previously reported \[[@pone.0151738.ref007]\].

Clinical assessment {#sec008}
-------------------

Patients clinical characteristics \[age, gender, BMI, preoperative renal function, comorbidity, chronic kidney disease stage), tumor characteristics \[R.E.N.A.L nephrometry score\], intraoperative data \[operative time, warm ischemia time (WIT), estimated blood loss (EBL)\], and pathology results \[surgical margin status, histology type\], and postoperative renal function were investigated.

The Pentafecta was defined as achievement of Trifecta (negative surgical margin, no postoperative complications (Clavien-Dindo≥2) and warm ischemia time of ≤ 25 minutes) with addition of over 90% estimated GFR preservation (eGFR) and no chronic kidney disease (CKD) stage upgrading at 12 months postoperatively \[[@pone.0151738.ref006]\]. CKD upstaging was defined as upstaging of CKD stage to III,IV,V \[[@pone.0151738.ref008]\]. Upstaging form CKD stage I to II was regarded as clinically non significant. Postoperative complication was graded according to the modified Clavien-Dindo classification \[[@pone.0151738.ref009]\]. Renal function was analyzed preoperatively and postoperatively to 12 months. The eGFR rate was estimated by modification of diet in renal disease (MDRD) equation formula \[[@pone.0151738.ref010]\]. The stage of CKD was based on the National Kidney Foundation Kidney Disease Outcome Quality Initiative Classification \[[@pone.0151738.ref011]\]. A positive surgical margin was defined as tumor cell presents on the inked parenchymal margin.

Primary end point was Pentafecta and Trifecta accomplishment rate of T1a and T1b renal mass.

Statistical analysis {#sec009}
--------------------

Continuous variables were presented as median and interquartile range (IQR) values. Propensity score matching was performed by OneToManyMTCH. Logistic regression models were used to identify the variables which predict the Trifecta, and Pentafecta accomplishment. Variable with P-value \<0.10 on univariable analysis was investigated for multivariable model. A two-sided p value \<0.05 was deemed statistically significant. Analysis was performed using the SAS^®^ version 9.2(SAS Institute, Cary, NC, USA).

Results {#sec010}
=======

Baseline characteristics {#sec011}
------------------------

Of 240 patients with clinical T1 renal mass, 60 patients with T1a renal mass were matched to those with T1b renal mass using propensity score matching. [Table 1](#pone.0151738.t001){ref-type="table"} provides demographic characteristics of the total cohort treated by RAPN before and after matching process. No significant differences were indentified between two groups (T1a vs T1b) for age, sex, BMI, laterality of mass, and ASA score.

10.1371/journal.pone.0151738.t001

###### Clinical characteristics of patients with T1a, T1b renal mass.

![](pone.0151738.t001){#pone.0151738.t001g}

  Variables                       Entire cohort       Propensity-score matched cohort                                                     
  ------------------------------- ------------------- --------------------------------- --------- ------------------- ------------------- ---------
  Male                            134                 33                                0.03      36                  43                  0.178
  Age, yrs. (IQR)                 51 (45--62)         49.5 (39.8--62)                   0.532     52 (46--62)         49.5 (39.8--62)     0.355
  BMI, kg/m^2^ (IQR)              23.4 (21.2--25.3)   24.7 (22.7--27.7)                 0.103     25 (22.9--27.2)     24.7 (22.7--27.7)   0.531
  ASA score category                                                                    0.037                                             0.538
  1                               130                 33                                          34                  33                  
  2                               45                  24                                          24                  24                  
  3                               5                   3                                           2                   3                   
  Hypertension                    57                  15                                          18                  15                  
  Diabetes mellitus               35                  7                                           13                  7                   
  Median tumor size, cm (IQR)     2.6 (1.8--3.7)      5 (4.5--5.9)                      \<0.001   2.6 (2.1--3.4)      5 (4.5--5.9)        \<0.001
  Rt. laterality, n (%)           118 (65.5)          31 (51.6)                         0.082     35 (58.3)           31 (51.6)           0.161
  Median R.E.N.A.L. score (IQR)   7 (6--9)            9 (8--10)                         \<0.001   8 (6--9)            9 (8--10)           \<0.001
  Pathology                                                                                       Clear cell: 45      Clear cell: 45      
                                                                                                  Papillary cell: 1   Papillary cell: 3   
                                                                                                  Chromophobe: 3      Chromophobe: 2      
                                                                                                  Cystic RCC: 2       Cystic RCC: 3       
                                                                                                  AML: 7              AML: 7              
                                                                                                  Oncocytoma: 2                           

Median renal mass size for the T1a and T1b cohorts was 2.6 cm and 5 cm in diameter, respectively (*P*\<0.001). The complexity of the renal mass evaluated by R.E.N.A.L. nephrometry score was higher in T1b, 8 vs 9 (*P* \<0.001).

Perioperative outcomes {#sec012}
----------------------

The perioperative outcomes are shown in [Table 2](#pone.0151738.t002){ref-type="table"}. Median operation time was similar between two groups, 150 min for the T1a and 165.5 min for the T1b group; *P* = 0.261. Median EBL was 300 cc (T1a), 426 cc (T1b); *P* = 0.242. The median WIT was 20.1 min (T1a), 26.2 min (T1b); *P* \<0.001. 18.3% of the patients with T1a renal mass and 53.3% with T1b had WIT over 25 min. Overall postoperative complication rates (Clavien Dindo≥2) were comparable between two groups; 13.3% (T1a) vs 15% (T1b); *P* = 0.793 ([Table 2](#pone.0151738.t002){ref-type="table"}). For T1a patients, one patient required transfusion, one patient had pseudoaneurysm required angioembolization, and 6 patients had fever. For T1b patients, three patients required transfusion, one patient had arterio-venous fistula required angioembolization, one patient had perirenal urinoma, and 4 patients had fever.

10.1371/journal.pone.0151738.t002

###### Oncological, perioperative, functional outcomes after robot-assisted partial nephrectomy.

![](pone.0151738.t002){#pone.0151738.t002g}

  Variables                                          T1a                T1b                 *P*-value
  -------------------------------------------------- ------------------ ------------------- -----------
  Positive surgical margin                           3 (5)              4 (6.6)             0.729
  WIT\>25 min, n (%)                                 11 (18.3)          32 (53.3)           \<0.001
  Complications, n (%)                               8 (13.3)           9 (15)              0.638
  Clavien-Dindo II                                   7 (11.6)           7 (11.6)            
  Clavien-Dindo III                                  1 (1.6)            2 (3.3)             
  Clavien-Dindo IV                                   0 (0)              0 (0)               
  Operation time, min (IQR)                          150 (108--180)     165.5 (130--217)    0.261
  EBL, mL                                            300 (162.5--515)   425 (162.5--700)    0.242
  Median preoperative eGFR, mL/min/1.73 m^2^ (IQR)   90 (78.1--98.7)    85 (75--99.5)       0.718
  Median percentage of eGFR preservation (IQR)       83.9(74.4--96.0)   84.5 (72.9--99.6)   0.492
  90% eGFR preservation, n (%)                       30 (50)            20 (33)             0.021
  Upstaged to CKD III-V postoperatively, n (%)       9 (15)             10 (16.6)           0.874
  Trifecta achievement, n (%)                        39 (65.3)          26 (43.3)           0.017
  Pentafecta achievement, n (%)                      23 (38.3)          16 (26.7)           0.172

Renal function outcome {#sec013}
----------------------

Preoperative renal function data was not significantly different between two groups; 90 mL/min/1.73 m^2^, 85 mL/min/1.73 m^2^ respectively (*P* = 0.718). Median percentage of eGFR preservation on one year postoperative period was 83.9% (T1a) and 84.5% (T1b), respectively (*P* = 0.492). 50% (T1a) and 33% (T1b) achieved over 90% eGFR preservation (*P* = 0.021). There was no difference in the rate of upstaging to CKD III-V 16.6% (*P* = 0.874). Pathology result of histology distribution revealed in [Table 2](#pone.0151738.t002){ref-type="table"}. Positive surgical margin rate was 5% (T1a) vs 6.6% (T1b) (*P* = 0.729).

Trifecta and Pentafecta rate {#sec014}
----------------------------

The rate of achievement of Trifecta for T1a and T1b renal mass was 65.3%, 43.3%, respectively (*P* = 0.017), and the rate of achievement of Pentafecta was 38.3%, 26.7%, respectively (*P* = 0.172). On multivariable regression analysis of T1b renal mass for achievement of Trifecta, tumor size (hazard ratio (HR) 0.42; 95% confidence interval (CI) (0.18--0.93); *P* = 0.041), operation time (HR 0.98; 95% CI (0.97--0.99); *P* = 0.011) were significant predictive factors, and for achievement of Pentafecta, R.E.N.A.L nephrometry score (HR 0.80; 95% CI (0.67--0.97); *P* = 0.031) was a significant predictor of achieving Pentafecta (Tables [3](#pone.0151738.t003){ref-type="table"} and [4](#pone.0151738.t004){ref-type="table"}). Subanalyis to assess the component of R.E.N.A.L nephrometry score, L component (location relative to the polar lines, HR 0.63; 95% CI (0.38--1.03); *P* = 0.064) was relatively important component for Pentafecta achievement.

10.1371/journal.pone.0151738.t003

###### Logistic regression analysis of factors associated with trifecta achievement after robot-assisted partial nephrectomy on T1b patients
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                                       Univariable (unadjusted HR)   Multivariable (adjusted HR)                               
  ------------------------------------ ----------------------------- ----------------------------- ------- ------ ------------ -------
  Age (years)                          0.98                          0.94--1.02                    0.276                       
  BMI (kg/m^2^)                        1.03                          0.88--1.19                    0.707                       
  Tumor size (cm)                      0.44                          0.19--0.97                    0.042   0.42   0.18--0.93   0.041
  Operation time (min)                 0.98                          0.97--0.99                    0.009   0.98   0.97--0.99   0.011
  EBL (mL)                             0.99                          0.99--1.00                    0.079   0.97   0.98--1.01   0.16
  Preoperative GFR (mL/min/1.73m^2^)   1.01                          0.98--1.03                    0.675                       
  R.E.N.A.L score                      0.88                          0.64--1.21                    0.419                       
  E score component                    0.99                          0.59--1.67                    0.973                       
  N score component                    0.73                          0.45--1.19                    0.215                       
  L score component                    0.74                          0.46--1.18                    0.200                       
  Per 100 cases                                                                                                                
  2^nd^ vs 1^st.^                      1.97                          0.56--6.97                    0.289                       
  3^rd^ vs 1^st^                       3.36                          0.71--15.84                   0.126                       

HR = hazard ratio; CI = confidence interval

10.1371/journal.pone.0151738.t004

###### Logistic regression analysis of factors associated with pentafecta achievement after robot-assisted partial nephrectomy on T1b patients.
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                                       Univariable (unadjusted HR)   Multivariable (adjusted HR)                               
  ------------------------------------ ----------------------------- ----------------------------- ------- ------ ------------ -------
  Age (years)                          0.98                          0.94--1.02                    0.432                       
  BMI (kg/m^2^)                        1.01                          0.85--1.19                    0.911                       
  Tumor size (cm)                      0.56                          0.23--1.34                    0.193   0.61   0.24--1.21   0.242
  Operation time (min)                 0.99                          0.97--1.01                    0.123   0.97   0.93--1.03   0.212
  EBL (mL)                             0.99                          0.99--1.00                    0.245                       
  Preoperative GFR (mL/min/1.73m^2^)   0.99                          0.97--1.02                    0.743                       
  R.E.N.A.L score                      0.72                          0.51--1.03                    0.021   0.80   0.67--0.97   0.031
  E score component                    0.66                          0.34--1.17                    0.154                       
  N score component                    0.75                          0.46--1.23                    0.253                       
  L score component                    0.63                          0.38--1.03                    0.061                       
  Per 100 cases                                                                                                                
  2^nd^ vs 1^st.^                      1.62                          0.37--7.16                    0.522                       
  3^rd^ vs 1^st^                       3.33                          0.61--18.15                   0.161                       

HR = hazard ratio; CI = confidence interval

Discussion {#sec015}
==========

The application of robotic platform has been increased in the treatment of renal mass \[[@pone.0151738.ref003]\]. Recently, the adoption of robotic platform has allowed more complex and challenging cases for PN \[[@pone.0151738.ref012]\]. The achievement of success on PN could be assessed by Trifecta rate, and recently, the concept of Pentafecta rate was introduced \[[@pone.0151738.ref006]\]. Improving the rate of Pentafecta should be the main goal on performing RAPN.

In this study, we have investigated the Trifecta, Pentafecta rate of T1a and T1b renal mass, and compared these two groups. We also investigated the predictive factors for achievement of Trifecta and Pentafecta rate. Our study showed that rate of achievement of Trifecta of T1a, T1b renal mass was significantly higher in T1a group (65.3% vs 43.3%), however, Pentafecta rate was statistically comparable between two groups that of 38.3%, 26.7%, respectively. Tumor size and operation time were significant predictive factors of Trifecta achievement. The R.E.N.A.L. nephrometry score was a significant predictive factor of Pentafecta achievement.

There is a huge variation in terms of the rate on achievement of Trifecta, ranging from 32% to 81% \[[@pone.0151738.ref005], [@pone.0151738.ref006], [@pone.0151738.ref011], [@pone.0151738.ref013]\]. The variation is caused by many factors such as surgical techniques, surgeon's experience and different definition of Trifecta on PN cases. Trifecta represents a surrogate measure of surgical quality and has been increasingly used as a standardized tool to compare outcomes. There is no standard definition of Trifecta but the core concept remains the same; oncological outcome, functional preservation, and complication free safety. For simplification of reporting the long term outcomes of PN, we used Pentafecta rate to evaluate oncologic outcomes (surgical margin status), complication rate (Clavien-Dindo≥2), immediate functional outcomes (WIT), and long term functional outcomes (90% eGFR preservation, upstage to CKD III-V).

In this study, oncological outcome has been assessed by surgical margin status on final pathology. However, surgical margin status does not reflect the actual long-term oncologic outcomes. In our study overall 5.8% PSM rate was identified including T1b cases, which was comparable with other literature \[[@pone.0151738.ref013]\]. On safety outcomes, the severity of complication was evaluated according to Clavien-Dindo classification. In the present study, Clavien-Dindo≥2 cases were considered to be clinically significant complication.

Evaluation of renal functional outcome could be affected by several factors. Preoperative variables such as age, sex, preoperative renal function, and intraoperative variables such as WIT, the volume of parenchymal preservation might impact on renal function after PN. WIT is an important surrogate which is shown to influence immediate renal function For the assessment of long term functional outcome, we have included two additional criteria; postoperative eGFR preservation and no CKD upstaging. The threshold of 90% preservation of eGFR is based on published literature regarding functional outcome after PN \[[@pone.0151738.ref014]\]. We defined significant CKD upstaging to CKD stage III-V. CKD upstaging from I to II has been regarded as clinically insignificant. The combination of CKD upstaging and 90% eGFR preservation could reflect the long term renal functional outcome of PN. Therefore, by combination of Trifecta with two additional long term functional parameters, Pentafecta achievement could facilitate in assessing the precise long term outcome following PN.

Porpiglia et al. \[[@pone.0151738.ref015]\] assessed 206 patients who underwent LPN using margins, ischaemia and complication (MIC) system, similar to the concept of Trifecta. The MIC was achieved when surgical margins were negative, WIT \<20 min and no major complications (Clavien-Dindo≥3). The overall MIC rate was 63.1%. The MIC rate increased with surgeon\'s experience and decreased with complex lesion cases. Carneiro et al. \[[@pone.0151738.ref016]\] have investigated Trifecta rate between LPN with RAPN series. 347 patients were divided into three different groups. The patients were chronologically classified into 3 groups. The Trifecta rates increased from group 1 to group 3. (48% vs 75.6% vs 81%, *P* \< 0.01). It confirmed that LPN was associated with a steep learning curve. Trifecta outcomes were significantly improved with RAPN despite increasing tumor complexity. Patients who underwent standard multiport RAPN also achieved higher Trifecta rate than those who underwent single site robot PN (42.7% vs. 25.6%, *P* = 0.021). Single site robot PN could be an alternative option for patients with decreased tumor size, low PADUA and RENAL scores, and without renal sinus or collecting system involvement \[[@pone.0151738.ref017]\]. Zargar, et al. \[[@pone.0151738.ref006]\] investigated the Trifecta rate and 'Optimal outcomes' of RAPN with LPN for T1a renal masses. There was a significantly higher rate of achieving Trifecta (70% vs 33%) for the RAPN group. They also reported the rate of achievement of 'Optimal outcome', also described as 'Pentafecta'. It was also higher in the RAPN group (38.5% vs 24.1%). EBL, operating time, R.E.N.A.L. nephrometry score of 10--12 and tumor size were negative predictors of the accomplishment of Trifecta. Robotic technique was a positive predictor of the achievement of Trifecta. EBL, Charlson Comorbidity Index (CCI), tumor size and preoperative eGFR were predictors for accomplishment of 'Optimal outcome'. In comparison to their findings of tumor size being one of the predictors of Pentafecta, our study did not demonstrate the difference in the rate of achieving Pentafecta between T1a andT1b renal mass. However, R.E.N.A.L. nephrometry score revealed to be a significant negative predictive factor for achievement of Pentafecta in our study. In cases performed by RAPN, rather than renal mass size, complexity revealed a significant factor for long term surgical outcome. RAPN may overcome some of the technical difficulties of laparoscopic technique, with enhanced range of freedom, improved dexterity and magnified vision. These features facilitate precise tumor resection and renorrhaphy, while minimizing WIT and as a result, the Pentafecta rate could be enhanced on RAPN series irrespective of renal mass size.

Minimally invasive PN for renal masses \> 4cm, T1b, has not been well established compared to \<4cm tumors. There are few studies which evaluated the feasibility, oncological and functional outcomes for T1b renal masses. Gupta et al.\[[@pone.0151738.ref018]\] reported the technical feasibility and renal functional and oncologic outcomes with minimum 1 year follow-up of RAPN for T1b tumors. It was feasible for renal tumors greater than 4 cm with moderate or high nephrometry scores. Although there was a modest decline in renal function of the operated unit, RAPN may facilitate the resection of more challenging tumors requiring complex renal reconstruction. Petros et al. \[[@pone.0151738.ref019]\] compared outcomes of RAPN for tumors \>4 cm compared with RAPN for tumors ≤ 4 cm. Of 445 patients, 18.7% had tumors \>4 cm with a median radiographic tumor size of 5.0 cm. Patients with tumors \>4 cm had a higher proportion of hilar tumors (9.8% vs 4.7%, *P* \<0.001), a higher mean R.E.N.A.L. nephrometry score (8.0 vs 6.3, *P*\<0.01), long WIT (24 vs 17 min, *P*\<0.001), and an increased rate of collecting system repair (72.2% vs 51.6%, *P* = 0.006) compared with patients with tumors ≤ 4 cm. Functional outcomes and complications were similar between groups. Contemporary reports on trifecta, pentafecta results of RAPN are summarized ([Table 5](#pone.0151738.t005){ref-type="table"}.) \[[@pone.0151738.ref005],[@pone.0151738.ref006],[@pone.0151738.ref016],[@pone.0151738.ref020]--[@pone.0151738.ref022]\].

10.1371/journal.pone.0151738.t005

###### Comparison of contemporary reports on trifecta, pentafecta results of robot-assisted partial nephrectomy.
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  Series                  Year   Number   Tumor size           Trifecta (%)                           Pentafecta (%)
  ----------------------- ------ -------- -------------------- -------------------------------------- -------------------------
  Hung et al. (5)         2013   534      T1/T2 (T1a, 85%)     45--68 (RAPN+LPN) (Chronology)         (-)
  Khalifeh, et al. (20)   2013   500      T1\~T3a (T1a, 83%)   58 RAPN,31 LPN                         (-)
  Takagi,et al. (21)      2014   163      (-)                  69 OPN                                 (-)
  Lista, et al.(22)       2015   339      T1 (T1a 86.7%)       67 RAPN                                (-)
  Carneiro, et al. (16)   2015   347      T1a 87%              48 LPN, 57 LPN, 81 RAPN (Chronology)   (-)
  Zargar, et al. (6)      2015   1831     T1a                  70 RAPN, 33 LPN                        38.5 RAPN, 24.1 LPN
  Current study                  120      T1a/T1b              65.3 T1a, 43.3 T1b RAPN                38.3 T1a, 26.7 T1b RAPN

RAPN = robot-assisted partial nephrectomy; LPN = laparoscopic partial nephrectomy; OPN = open partial nephrectomy

Nevertheless, there has been no published data with regards to the rate of Pentafecta for renal masses \> 4cm. Our study showed that there was no statistically significant difference in the Pentafecta outcome between T1a and T1b renal masses. And the R.E.N.A.L. nephrometry score (L score) was noted to be the predictor of Pentafecta achievement.

In this study, we have several limitations. First, this study was not a prospective randomized study. To eliminate the drawbacks of retrospective analysis, our study was conducted using 1:1 propensity score matching. Second, the total cohort numbers were decreased due to 1:1 matching with relatively small T1b renal mass patients. Third, the various definition of Trifecta and Pentafecta are not externally validated. Despite these limitations, this study values on adjustment of the concept 'Pentafecta' in larger (T1b) renal mass series treated with RAPN in clinical practice for the assessment of RAPN outcomes including long term renal function.

Conclusions {#sec016}
===========

In conclusion, Pentafecta is an effective tool in the assessment of long term perioperative, oncological, functional outcomes. Although the Pentafecta rate was lower with higher R.E.N.A.L nephrometry score, it was comparable between T1a and T1b renal masses in cases of RAPN. Therefore, RAPN is a feasible modality for patients with larger renal mass (T1b) with excellent long term outcomes. R.E.N.A.L nephrometry score, especially L score predicts the achievement of Pentafecta. Further research for validated scoring system of Pentafecta should be performed for the assessment of RAPN outcome.
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